AP® STATISTICS 
2008 SCORING GUIDELINES (Form B) 


Question 6 


Intent of Question 


The primary goals of this investigative task were to assess a student’s ability to (1) identify clusters in a 
scatterplot and deduce what such clusters represent; (2) recognize a positive linear relationship and state what it 
means, in context, when all points lie below the line y = x; (3) understand that when data are paired, a paired 
t-test, rather than a two-sample t-test is appropriate when testing whether the means are equal; and (4) create an 
appropriate graphical display that makes the dividing point between two groups of measurements visually 
obvious. 


Solution 

Part (a): 
The trait that distinguishes the two groups in the scatterplot is dominant foot (left or right). All of the points in 
the upper left cluster represent measurements from individuals whose dominant foot is the right foot, whereas 
all of the points in the lower right cluster represent measurements from individuals whose dominant foot is the 
left foot. 


Part (b): 


There is a positive (linear) relationship between swelling in the dominant foot and swelling in the 
nondominant foot. Swelling in the dominant foot tends to be greater than swelling in the nondominant foot. 


Part (c): 


Component 1: States a correct pair of hypotheses in words or symbols. 


Ay: ul, =9 én Ay: My = My an Ay My — Hy =9 
Au, #9 A My = My At My ~My #9 
where 


Liq = mean difference in swelling (dominant — nondominant) 
Up = mean swelling for dominant foot 
Livy = mean swelling for nondominant foot 
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Question 6 (continued) 


Component 2: Identifies a correct test (by name or by formula) and checks the conditions. 


Paired t-test OR t=— 





Conditions 
1. We are told that this is a random sample from the population of adult female patients with Morton’s 
neuroma (MN). 


2. A boxplot of the differences (dominant — 
nondominant) has no outliers or extreme 
skewness. Thus, it is reasonable to believe 
that the population of differences is 
approximately normal. 


difference 


OR, 


A normal probability plot of the a 
differences has no obvious departures 
from a linear trend, so it is reasonable to 
believe that the differences come from a 
normal distribution. 


1 


normal scores 


difference 


Component 3: Performs correct mechanics, including the value of the test statistic and p-value (or identifies a 
rejection region). 


d 


s 0.0932 


d 


vn V2 


270 _ 0.2875 -0 





= 10.68 with df= 11, so the p-value is approximately 0 








OR, 
From the calculator, t =10.68166837, df= 11, p-value = 0.00000038105102 
Component 4: Draws an appropriate conclusion in context, with linkage to the p-value (or rejection region). 


Because the p-value is small (or is less than an @ stated by the student), reject Ho. There is convincing 
evidence that the mean swelling is different for dominant and nondominant feet for women with MN. 
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Question 6 (continued) 


Part (d): 
Three acceptable suggestions are given below. 
Separate the 24 swelling measurements into two groups—the 17 feet with MN and the 7 feet without MN. 
Construct a plot that displays the two groups, such as stacked dotplots or a back-to-back stemplot. The plot 


below suggests that a swelling measurement of about 1.4 or higher would be a reasonable criterion for 
Morton’s neuroma. 


Dotplot of Swelling 


without NM 





with NM 





OR 
Plot swelling measurements for only the seven individuals who do not have MN in both feet, plotting the 
measurements for their MN feet and their non-MN feet. The plot below suggests that a swelling measurement 


of about 1.4 or higher would be a reasonable criterion for MN. 


Dotplot of Swelling 
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Question 6 (continued) 


OR 

Plot the 12 measurements of MN in the dominant foot, the 5 measurements of MN in the nondominant foot, and 
the 7 measurements of no MN in the nondominant foot. (There are no individuals in the sample who do not have 
MN in the dominant foot.) The plot below suggests that a swelling measurement of about 1.4 or higher would be 


a reasonable criterion for MN. 


Dotplot for NM Dominant-No NM Nondom 


No NM Nondom 
NM Nondomina 


NM Dominant 


Scoring 
Each of the four parts is scored as essentially correct (E), partially correct (P), or incorrect (I). 
Part (a) is scored as follows: 


Essentially correct (E) if the response identifies the two groups as people with a left-dominant foot and people 
with a right-dominant foot. Students do not need to indicate which group is which. 


Partially correct (P) if the response either identifies the two groups as people with greater swelling in the left 
foot and people with greater swelling in the right foot, missing the connection to foot dominance OR states 
only that “the dominant foot has more swelling than the nondominant foot” (making the connection back to 
the table) but without identifying the two groups. 
Incorrect (I) if none of the three characterizations of the groups is present. 
Part (b) is scored as follows: 

Essentially correct (E) if the response contains both components below: 

1. States that there is a positive (linear is optional) relationship OR states that as swelling in the 

dominant foot goes up, swelling in the nondominant foot tends to go up. 
2. States that swelling in the dominant foot is greater than in the nondominant foot. 


Note: One of these components may appear in part (a). 


Partially correct (P) if only one of the two components is mentioned. 
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Question 6 (continued) 

Incorrect (I) if neither component is mentioned. 

Part (c) is scored as follows: 
Essentially correct (E) if all four components of the significance test are correct. 
Partially correct (P) if only two or three components of the significance test are correct. 
Incorrect (I) if at most one component of the significance test is correct. 

Part (d) is scored as follows: 
Essentially correct (E) if the response recommends a reasonable criterion for deciding whether a foot has MN 
based on the given data and justifies the criterion graphically. There are other possibilities for graphs than the 
three outlined above, but the plot should make it easy to compare the measurements in feet with and without 
MN. Communication must be strong. 
Partially correct (P) if a reasonable recommendation based on the data is made but the graphical display is 
missing, made incorrectly, or is difficult to interpret OR if a graphical display comparing measurements for 
feet with MN to those without MN is provided but a recommendation based on the display is weak or 
missing. 


Incorrect (1) if neither a reasonable conclusion nor a graph is present. 


Essentially correct responses count as 1 point, and partially correct responses count as 2 point. 


4 Complete Response 
3 Substantial Response 
2 Developing Response 
1 Minimal Response 


If a response is between two scores (for example, 2/2 points) use a holistic approach to determine whether to score 
up or down, depending on the strength of the response and communication. Pay special attention to 
communication and to whether the correct test was performed in part (c), as well as to whether points were lost 
only because of omitted rather than incorrect elements, such as providing just one statement in part (b) and stating 
but not checking the condition of normality in part (c). 
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(a) A scatterplot of the ordered pairs (swelling in left foot, swelling in right foot), is shown below. 


Swelling in Right Foot 
a 


I 
1 1.1212 1.314 1516171819 2 
Swelling in Left Foot 


The scatterplot suggests there are two distinct groups of patients. Patients within each group share a common 
trait. Use the scatterplot above and the table on page 16 to determine the common trait and explain how this 
trait differs for the two groups. 

The two gvonps Oe teate thote ttt larger twellig in he rit fest Hen 4 VE, onal Hart 


WH eee meching te Ay UH fort tha 4 eqht. | 

h puzecte wth 
The tommim trrit a j a few deinntnnuck fovt- th Art qrup Jeacteed toe a dawinad may ht 
Rot, hic +e Heaud apy hae tebe Se ofa att a dewninent left Set Lot. 


(b) A scatterplot of the ordered pairs (swelling in dominant foot, swelling in nondominant foot), is shown 
below. 


tA DW ~1 0 tO OW 


_ Swelling in Nondominant Foot 


11212131415 16171819 2 
Swelling in Dominant Foot 


What conclusion can be drawn from this scatterplot that is not apparent from the scatterplot in part (a) ? 


selehcly rbons 
Them ba, posTtivg lines, ascoctation between tall mh doniract firt ond swelling im 


AWM vondominadt fost hencelly y the larger He auettny in dowrdrect Sok, He lar fe meal 
At non damiget fost . Also, Cella mK Ae domingnt foot is greatly larger thes tk 
Swtelling fe pon -dawinout dost é 


GO ON TO THE NEXT PAGE. 
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(c) Can you conclude that there is a difference between the mean swelling in the dominant foot and the mean 
swelling in the nondominant foot for adult females who have Morton's neuroma in at least one foot? Give a 


statistical justification to support your answer. 
(For easy reference, the table of data from page 16 also appears at the bottom of page 19.) 


He: Ma~o 
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: . . 
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Axthuy« 
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Ma: 0.rt1s 

S$ = 0.0432 


Weir 
d@=n-\ 


=tt 
Xam 
s/>n. 
+ EIT -0 
oe awaited 
0.09%, 
7K 


210.68 


P-value = 2P(T> 10.662) 
= Rett ed” 


YO ¢ca.ct 
Yo. Suu Re bvelue = TEU 0.05, fe verntt a Wer Freant at We 0 2 0.007 stntizence level, We 


‘ y 410 bed 
reset He gad swondude thet ene aid that tere Boa adker-ene laetween di mean 


Swellras fa te dowmant Rot and. tHe wean Ovelny iy He nandau rect fost. 


GO ON TO THE NEXT PAGE. 
«128. 


©2008 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 


GAs 


(d) The nerve swelling measurement is used to indicate whether a foot has Morton’s neuroma. Use the 
24 measurements of nerve swelling to suggest a criterion for diagnosing Morton’s neuroma. Justify your 
suggestion graphically. 


(For easy reference, the table of data from page 16 also appears below.) 


Fawr ty falre appears duet 8 toelling ot cht of nant then bEBame go, 
Reaper the citeron A dingrony Mirton's 
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Dominant Foot Nondominant Foot Neuroma 
Both 
Both 
Both 
Both 







ft 
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ft 
ft 
ft 
ft 


GO ON TO THE NEXT PAGE. 
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(a) A scatterplot of the ordered pairs (swelling in left foot, swelling in right foot), is shown below. 


2 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
13 
1.2 
1.1 


Swelling in Right Foot 


1 
1 14221314 1516171819 2 
Swelling in Left Foot 


The scatterplot suggests there are two distinct groups of patients. Patients within each group share a common 
trait. Use the scatterplot above and the table on page 16 to determine the common trait and explain how this 
trait differs for the two groups. 


4h clustev a\\ MAM duals’ dommant Feet were they vight 
food took ae for the \owev cluster, all Anedr dovumant feox were le gL 
Root. Heaw ery Commmowrrais & Aer dovrmoanr Foot type. 


(b) A scatterplot of the ordered pairs (swelling in dominant foot, swelling in nondominant foot), is shown 
below. 


Swelling in Nondominant Foot 
rn ae ee 
—me ND BUH ~~) © OO ND 


1$43.1121314 1516171819 2 
Swelling in Dominant Foot 


What conclusion can be drawn from this scatterplot that is not apparent from the scatterplot in part (a) ? 
There {3 voter etvonalmeav positive relationdip 
betleen awellmam ane dowmant foot and swell Wthenon- 
dowmiuant £ ovr: 
There id more swellmain domivank foot than sviellmg nondominavi 


foot. The Witney Ane SN: dowmmant foo the hranev 
) 


We SWeENmMy ihe nondomirawt Wot ; ienena NEXT PAGE. 
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(c) Can you conclude that there is a difference between the mean swelling in the dominant foot and the mean 
swelling in the nondominant foot for adult females who have Morton's neuroma in at least one foot? Give a 
statistical justification to support your answer. 


(For easy reference, the table of data from page 16 also appears at the bottom of page 19.) 


Weare terested all adult females viho have Morfow<neurom a. 
Ouvparameter of mberest 1% [A= meancw M dowaant foot 
Lor adult Powmales with Mortow 6 nen 1 AWA = mean welling 

wm nondommant took Pov adult les with Mortons newoma. 
We are Mierestea Mm the AH -2 between tho meanswellmgs 








K=0.09 
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We will use tne one- sample tetek fev this matched pails 
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7 no difference Ane MEO Swelliy ofthe dowmimaut 


Unonaommant foot. GO ON TO THE NEXT PAGE. 
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(d) The nerve swelling measurement is used to indicate whether a foot has Morton’s neuroma. Use the 
24 measurements of nerve swelling to suggest a criterion for diagnosing Morton’s neuroma. Justify your 
suggestion graphically. 


(For easy reference, the table of data from page 16 also appears below.) 
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amntevion yp diagno sig Movinws wemtyomA . 













Dominant Foot Swelling in Swelling in Foot with 
Dominant Foot Nondominant Foot Neuroma 
Ee 


ae et a v8 eae ee Lek 
[ae se Both 
ae 








| 
a De: SN 
ET A 
ee ee 

r 






GO ON TO THE NEXT PAGE. 
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(a) A scatterplot of the ordered pairs (swelling in left foot, swelling in right foot), is shown below. 





1 o1.1 1.213 1.4 15 16 1.7 1819 2 
Swelling in Left Foot 


The scatterplot suggests there are two distinct groups of patients. Patients within each group share a common 
trait. Use the scatterplot above and the table on page 16 to determine the common trait and explain how this 
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(b) A scatterplot of the ordered pairs (swelling in dominant foot, swelling in nondominant foot), is shown 
below. 


Swelling in Nondominant Foot 
ee ee eee 
meme ov kh Wan © on 


1 111.2 131415161.71819 2 
Swelling in Dominant Foot 


What conclusion can be drawn from this scatterplot that is not apparent from the scatterplot in part (a) ? 
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bem 
(c) Can you conclude that there is a difference between the mean swelling in the dominant foot and the mean 


swelling in the nondominant foot for adult females who have Morton’s neuroma in at least one foot? Give a 
statistical justification to support your answer. 


(For easy reference, the table of data from page 16 also appears at the bottom of page 19.) 
D rete ence 
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(d) The nerve swelling measurement is used to indicate whether a foot has Morton’s neuroma. Use the 
24 measurements of nerve swelling to suggest a criterion for diagnosing Morton’s neuroma. Justify your 
suggestion graphically. 


(For easy reference, the table of data from page 16 also appears below.) ad 
eQ , 
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Question 6 


Sample: 6A 
Score: 4 


In parts (a) and (b) the response includes the three conclusions that should be drawn: in the upper scatterplot, one 
group consists of people with a dominant right foot, and the other group consists of people with a dominant left 
foot; there is a positive (linear) relationship “between swelling in the dominant foot and swelling in the 
nondominant foot”; and swelling in the dominant foot is larger than swelling in the nondominant foot. Part (c) is a 
clear and correct matched pairs t-test, including a statement of conditions and evidence of whether they are met or 
not. (However, the value of n in the formula for t should be 12 rather than 11.) Part (d) is the weakest part of this 
response because the measurements of feet without Morton’s neuroma are not clearly marked. There is no 
indication that two feet without Morton’s neuroma have swelling measurements of 1.40. However, the entire 
answer was considered a complete response, based on all four parts. 


Sample: 6B 
Score: 3 


In parts (a) and (b) the response includes the three conclusions that should be drawn. Both parts were scored as 
essentially correct. The test of significance in part (c) would be excellent except that there is no evidence that the 
plot of the differences used to check normality actually was constructed, and incorrect values were computed for 
the mean and standard deviation. Part (c) was scored as partially correct. However, part (d) is weak because the 
justification is not graphical as required. A reasonable criterion is given, based on circling the measurements in 
the table for the feet with Morton’s neuroma. Part (d) was scored as partially correct. Overall, this answer was 
assessed as a substantial response. 


Sample: 6C 
Score: 2 


In part (a) the two groups are correctly identified, but they should be defined in terms of having more swelling in 
the foot rather than that they “have neuroma.” Part (a) was scored as essentially correct. The statement in part (b) 
does not include the idea that the relationship is positive, and the observation is missing that the dominant foot 
always has more swelling than the nondominant foot. Part (b) was scored as incorrect. The correct test is used in 
part (c), except that it should not be one-sided. There is an attempt to include all components of a f-test, but the 
conditions listed are not all correct, and the explanation of a p-value also is incorrect. The computations that take 
up most of the page in part (c) did not need to be shown. Part (c) was scored as partially correct. The criterion for 
diagnosing Morton’s neuroma in part (d) is reasonable, but the graph is difficult to understand. The labels on the 
axes are incorrect because they indicate that, for all patients, one foot has neuroma and one foot does not. Part (d) 
was scored as partially correct. On the whole, this answer was judged a developing response. 
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